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SUMMARY 

The investigation of an advanced-temperature, NASA nickel-base alloy having 
a nominal composition in weight percent of 8 tantalum, 6 aluminum, 6 chromium, 

4 molybdenum, 4 tungsten, 2.5 vanadium, 1 zirconium, 0.125 carton, and "balance 
nickel was continued. This alloy appears to have considerahle potential for var- 
ious aerospace applications. 

The average ultimate tensile strength of the as-forged alloy ranged from 
158, 000 psi at room temperature to 18, 000 psi at 2100° F. This compares with 
135,000 and 34,000 psi, respectively, for the as-cast alloy. Stress-rupture data 
obtained up to 2100° F at 15, 000 psi indicate average rupture lives for the as- 
cast alloy of 1000, 100, and IQ hours at 1817°, 1915°, and 2015° F, respectively. 
Impact tests provided evidence of alloy ductility. Additional evidence of work- 
ability was also obtained. Room-temperature forging, accomplished by unidirec- 
tional forging techniques, readily flattened l/2-inch diameter, as-cast bars, and 
thickness reductions of 50 percent were consistently obtained. 

In oxidation tests at 1900° F, relatively low oxidation rates were obtained, 
although spalling of the oxide scale was observed upon cooling through the 800° 
to 600° F range . The weight gain per unit surface area for the NASA alloy was 
2.9 and 6.5 milligrams per square centimeter after 50 and 200 hours exposure, re- 
spectively. These are not excessive oxidation rates, particularly for short-t ime 
applications; however, spalling may pose a problem in applications where frequent 
temperature cycling occurs. 


INTRODUCTION 

The demand for higher performance turbines in aircraft engines and in the 
turbopump components of rocket engines, as well as the continued need for im- 
proved high- temperature metals in many structural applications, has intensified 
research efforts devoted to alloy development. Research with nickel-base alloys 
affords considerable promise for achieving materials with improved, elevated- 
temperature properties for the applications cited. As a class, these alloys have 
excellent strength up to approximately 1800° F and have generally good oxidation 
and impact resistance. 



A continuing program exists at the Lewis Research Center to provide alloys 
with improved high-temperature strength and ductility that also have satisfactory 
oxidation resistance. To date, a series of nickel-base alloys has been developed 
as a result of this program; this series is fully described in references 1 to 4. 
In summary, the nominal composition of the basic NASA alloy was (in weight per- 
cent) 8 molybdenum, 6 chromium, 6 aluminum, 1 zirconium, and the balance nickel. 
The basic alloy was essentially a cast material and was generally limited to a 
use temperature of 1800° F for reasonably long-time, high- stress applications. 

Modifying the composition of the basic alloy resulted in substantial in- 
creases in use temperature, high-temperature strength, and ductility. One of the 
first significant improvements in high-temperature strength was obtained by means 
of a titanium and carbon modification of the basic alloy (ref. l). This alloy 
also performed quite well as a turbine-bucket material (refs. 2 and 5) in a tur- 
bojet engine at a temperature of 1650° F. Additional increases in high- 
temperature strength and impact resistance were obtained with a tungsten, vana- 
dium, and carbon modification of the basic alloy (ref. 3). The improved impact 
resistance over the earlier alloys in this series, as well as many commercial 
cast nickel-base alloys, was encouraging because it indicated increased ductil- 
ity. Finally, making tantalum alloying additions to the tungsten, vanadium, car- 
bon modification of the basic alloy, resulted in substantial increases in both 
high-temperature strength and ductility (ref. 4). The use temperature of this 
alloy for long-time, high-stress applications was 1900° F, and its ductility was 
such as to permit limited cold forging of 3/4-inch as-cast bars without cracking. 

Other investigators have developed cast nickel-base alloys with good high- 
temperature stress-rupture properties. Among the strongest and most common of 
these are Nicrotung and Inconel 713C. More recent developments include IN 100 
and TRW 1800 (ref. 6), which compare closely with the tantalum-modified NASA al- 
loy in high-temperature strength. All these alloys have a considerable potential 
for aerospace applications, in which castings ca,n be used, particularly space- 
vehicle structural members and turbo jet- engine buckets. At the same time, 
nickel-base alloys with adequate workability are also much in demand for other 
aerospace applications, such as outer panels of reentry vehicles. For example, 
the Air Force has recently sponsored a program to produce a nickel-base alloy 
sheet with optimum high-temperature properties (refs. 7 to 10). The tantalum 
modified alloy of this report was included among the nickel-base alloys studied 
in the Air Force sponsored investigation. Thus far, cast sheets of this alloy 
approximately 0.100 inch thick have been rolled to thicknesses of 0.015 inch 
(ref. 9). 

On the basis of earlier work done at Lewis (ref. 4) and by others (refs. 

7 to 10), it appears that the tantalum modified NASA alloy has considerable po- 
tential for aerospace applications that require workability as well as high- 
temperature strength. The present investigation was conducted to determine more 
fully the properties of this alloy in order to provide an additional basis for 
evaluating its potential for various aerospace applications. The alloy was in- 
vestigated to (l) extend as- cast short-time and long-time strength data to higher 
temperature levels, (2) obtain as-cast impact resistance data, (3) determine as- 
wrought tensile properties, and (4) obtain elevated-temperature oxidation- 
resistance data. Both tensile and stress-rupture data were obtained up to 
2100° F. Oxidation tests were run at 1900° F. Wrought tensile test bars were 
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made "by forging. As in the previous investigations, melts were made "by high- 
frequency induction heating under an argon blanket, and investment casting tech- 
niques were employed. 


MATERIAL, APPARATUS, AND PROCEDURE 
Alloy Investigated 

The alloy studied in this investigation had a nominal composition (in weight 
percent) of 8 tantalum, 6 chromium, 6 aluminum, 4 molybdenum, 4 tungsten, 2.5 va- 
nadium, 1 zirconium, 0.125 carbon, and the balance nickel. In the nomenclature 
of reference 3, this alloy is designated herein as Mo-4-W + 8Ta + 2.5V + 0.125C. 

Table I lists the nominal composition of this alloy, as well as chemical 
analyses of typical heats. The analyses were conducted by an independent labo- 
ratory. Considerable variation in zirconium content occurred. As in earlier 
investigations (refs. 1 to 4), great care was exercised in maintaining quality 
control of castings in order to obtain the desired 1 percent of zirconium. Un- 
avoidable variations in melting time (average exposure time, 20 min), however, 
that would affect the amount of zirconium picked up from the crucible occurred 
occasionally. Stabilized zirconia crucibles, from the same supplier as those 
used in the previously reported investigations, were used. 

The alloying constituents were commercially pure materials with the follow- 
ing compositions: nickel, 99.95 f ; electrolytic chromium, 99. 5 + ; molybdenum, 

99. O 1 "; 1100 aluminum, 99. 0 f ; vanadium, 99. 8 + ; tungsten, 99. 9 + ; tantalum, 99. 8 + ; 
and carbon, 99. 5 *~ . 


Casting Techniques 

The casting techniques employed were similar, to those described in detail 
in references 1 and 3. A brief description of the major aspects of the casting 
procedure is given in the following paragraphs. A 50-kilowatt, 10, 000-cycle - 
per-second, water-cooled induction unit was used for melting. All melts were 
made in stabilized zirconia crucibles under an inert gas (commercially pure ar- 
gon) blanket. The average exposure time between melt and crucible was 20 min- 
utes. This time was determined from a series of experimental melts and is a 
function of a variety of factors that include melt size, melting constituents, 
crucible material, and induction unit characteristics. Vanadium and carbon ad- 
ditives were made in the form of powders or granules that previously had been 
compressed inside aluminum-foil containers. Other element additives were in the 
form of roundelles, rods, platelets, or chips. The order of addition of alloying 
metals was similar to that described in reference 3 and is as follows: carbon, 

vanadium, and nickel were first melted together; then tungsten, tantalum, chro- 
mium, and molybdenum were added, followed by aluminum just prior to pouring. 
Pouring temperature, determined by optical pyrometer measurements on all heats 
and checked by an Immersion thermocouple in randomly chosen heats, was 
3150°±50° F. All melts were top poured into 1600° F investment molds without the 
inert-gas-blanket coverage maintained during melting and were permitted to cool 
slowly (overnight) to room temperature before the investment was removed. 
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The lost-wax process was employed to make molds of the test specimens. 
Stress-rupture "bars (also used for tensile tests) had conical, unthreaded ends to 
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avoid stress concentrations and had a cylindrical test section 1— inches long 

.Lb 

and l/4 inch in diameter. Charpy impact bars were unnotched and were 0.395 by 
0.395 by 2.25 inches. Precision dies were used to make wax patterns of the test 
specimens. The impact bar wax patterns were made slightly oversize to permit 
finish machining of the cast product to exact dimensions. Wax patterns of cylin- 
drical rods nominally l/2 inch in diameter and 4 to 6 inches long were used to 
provide forging samples. A s'ilica slurry with a commercial binder was used as 
the investment material. 


Forging Procedure 


The forge bars were as-cast rounds 0.55 inch in diameter by 3^ inches in 

length. Forging was done at room temperature in a 4500-pound drop forge. Hard- 
ened steel dies were attached to the base and to the movable head of the forge. 

The forge stroke distance was maintained at approximately 2-| inches, and the ap- 
plied force was increased progressively during the forging process. The bars 
were heat-treated during the reduction process after every 0.060-inch reduction 
in thickness except after the final reduction. Heat treatment consisted of heat- 
ing the bars to 2150° F in a resistance-wound tube furnace, air-cooling to 
1650° F, and then quenching in water. Several heat treatments were tried dur- 
ing preliminary forging attempts, and this one proved to be most satisfactory for 
minimizing cracks. After each heat treatment, the bars were visually inspected. 
If cracks occurred, they were removed by grinding before continuing the forging 
process. 


Inspection of Specimens 

All cast-test specimens including bars that were used for forging were 
vapor-blasted prior to inspection. Stress-rupture and tensile specimens, as well 
as forge bars, were subjected both to radiographic and zyglo inspection. The 
impact bar blanks were radiographed, machined, and zyglo inspected after machin- 
ing. 


Alloy Property Determinations 

Tensile and stress-rupture tests . - Tensile tests were made In both the as- 
cast and as-forged (50-percent reduction in bar thickness) conditions over a 
range of temperatures up to 2100° F. Table II summarizes the tensile-test data. 
At least two tests were made for each alloy condition (as-cast or as-forged) at 
each test temperature to determine tensile properties. Drawings of the test 
specimens used to obtain tensile data with the as-cast and as-forged alloys are 
shown in figure 1. In conducting the tensile tests, the loading rate for both 
types of specimen was maintained at approximately 24, 000 psi per minute in the 
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elastic portion of the test. This rate corresponds approximately to a load ap- 
plication of 1200 pounds per minute for the as-cast specimens and 500 pounds per 
minute for the as-forged specimens. 

Stress-rupture tests were made with the as-cast alloy at 15,000 psi up to 
2100° F. Table III summarizes all the stress-rupture test data. A minimum of 
three and a maximum of five runs were made at each test temperature to determine 
stress-rupture properties. 

Impact tests . - Impact resistance data were obtained with the cast 8-percent- 
tantalum- modified alloy (Mo-4-W + 8Ta + 2.5V + 0.125C), an earlier cast MSA al- 
loy (Mo-4-W + 2.5V + 0.125C), and two representative commercial nickel-base al- 
loys, Nicrotung (cast) and Rene 41 (wrought). Both Izod and Charpy impact tests 
were made. Unnotched impact bars were used in all tests. Izod tests were made 
with a Bell Telephone Laboratory Impact Tester, which is fully described in ref- 
erence 11. Test specimens that measured 3/l6 by 3/l6 by 1 — inches were mounted 
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in a vertical position and gripped at one end by a vise. The test bars were in- 
serted in the vise to a depth of l/2 inch, and the point of Impact of the strik- 
ing pendulum was l/8 inch from the free end of the bar. Total capacity of the 
unit was 62.5 inch-pounds. Charpy impact tests were made on a standard Charpy 
impact tester. Impact specimens, which measured 0.395 by 0.395 by 2.25 inches, 
were inserted in the tester in a horizontal position and were supported at both 
ends. The point of impact of the striking pendulum was the center of the bar. 

The tester had a total capacity of 220 foot-pounds. 

Hardness determinations . - Hardness data were obtained with a Rockwell hard- 
ness tester for the 8-percent-tantalum-modified alloy in the as-cast and as- 
forged conditions. Samples used for hardness tests were l/4-inch slabs cut from 
as- cast and as- forged forging bars. 

Oxidation tests . - A large (approximately 20 cu ft) resistance-wound hearth- 
type furnace was used for the oxidation tests. Oxidation specimens, which were 
ground cylinders 0.225 inch in diameter by 0.875 inch in length, were suspended 
from aluminum oxide rods inserted in an Inconel support placed in the furnace. 

The specimens were suspended from the ceramic rods by means of platinum wires 
spot-welded to the specimen ends. Furnace air temperature was maintained at 
1900° F. A recording potentiometer was used to monitor furnace temperature con- 
tinuously for the duration of the test. Alloys Mo-4-W + 8Ta + 2.5V + 0.125C, 
Nicrotung, and Rene 41 were tested simultaneously. The Nicrotung and Rene 41 
were obtained from commercial suppliers. Specimens were weighed prior to inser- 
tion into the furnace both with and without the platinum wire attached. One 
specimen of each alloy was removed from the furnace after 50, 100, and 200 hours. 
In order to eliminate the possibility of loss of spalled material, the specimens 
were immediately put into separate glass containers upon removal from the fur- 
nace. After cooling, each specimen was weighed together with any spalled mate- 
rial to determine total weight gain. 

Metallographic studies . - Met allograph! c studies were made of the alloy in 
both the as-cast and as-forged conditions and after oxidation tests. Macrophoto- 
graphs (magnification, 3) as well as photomicrographs at magnifications of 250 
and 750 are presented. 
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RESULTS AMD DISCUSSION 


Tensile Data 

Tensile-test data are summarized in table II. Ultimate tensile strength and 
percent elongation were obtained for alloy Mo-4~W + 8Ta + 2.5V + 0.125C at room 
temperature, 1800°, 1900°, 2000°, and 2100° F in both the as-cast and the as- 
forged (50-percent reduction in thickness) conditions. Figure 2 shows curves of 
the average ultimate tensile strength and percent elongation as a function of 
temperature for the as-cast alloy and the as-forged alloy. The trend pattern for 
the as-f orged-alloy curves is almost the same as that for the as-cast-alloy 
curves. Room-temperature ultimate tensile strength was increased from 135,000 to 
158, 000 psi by forging. At the higher temperatures, the as- forged alloy demon- 
strated somewhat lower ultimate strength values than the as-cast alloy. The as- 
forged alloy strengths were still quite high at these temperatures, ranging from 
approximately 59,000 psi at 1800° to 18,000 psi at 2100° F, as compared with 
80,000 and 34,000 psi for the as-cast alloy. A general trend of increasing per- 
centage elongation with increasing temperature was obtained. Average elongations 
ranging from approximately 5 percent at room temperature to 17 percent at 2100° F, 
were obtained with the as- cast alloy. Values ranging from 2 to 8 percent were 
obtained with the as-forged alloy at these same temperatures. Some necking of 
the test specimens was noted; however, this was not pronounced and did not ac- 
count for the major part of the elongations observed. 

The investigators of references 7 to 10 report lower ultimate tensile 
strengths in the as- cast condition for the NASA 8-percent-tantalum-modified alloy 
than those reported herein at room temperature, 2000° and 2100° F. In general, 
lower elongations accompanied these lower ultimate strength values. Their data 
and that reported herein, however, coincide quite well at 1900° F. At this tem- 
perature, an average ultimate tensile strength of 54, 900 psi was reported. Be- 
cause of specific requirements, a different specimen configuration and a modified 
melting practice were employed by these investigators (refs. 7 to 10). These 
differences may account for the differences in properties. In this regard, it is 
also interesting to note that a vacuum melt of this alloy has been made by an- 
other vendor. Unpublished data obtained from limited tensile and stress-rupture 
tests with samples from this melt agreed well, with data reported herein. 

Figure 3 presents bar chart comparisons of the average ultimate tensile 
strength of alloy Mo-4-W + 8Ta + 2.5V + 0. 125C with an earlier NASA alloy in this 
series (ref. 3) and with several of the strongest, most recent high-temperature 
nickel-base superalloys. Comparisons are made at both room temperature and 
1800° F (figs. 3(a) and (b)). Commercial alloy data were obtained from refer- 
ence 12 and commercial data folders. At room temperature, the ultimate tensile 
strength of the 8-percent-tantalum-modified alloy in the forged condition is ap- 
proximately 25 percent less than that of Rene 41 and Udimet 700. In the as-cast 
condition, its ultimate tensile strength is slightly less than that of IN 100 and 
TRW 1800 (135,000 psi compared with 143,000 and 140,000 psi, respectively). At 
1800° F, however, higher ultimate strengths were obtained with the cast 8- 
percent-tantalum- modified alloy than with all the other cast alloys. These dif- 
ferences were not too pronounced, 80,000 compared with 77,500 and 74,000 psi for 
IN 100 and TRW 1800, respectively. In the as-forged condition, greater differ- 
ences in ultimate strength were observed between the 8-percent-tantalum-modified 
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alloy and the fully wrought commercial alloys. The comparative values were 
58, 500 psi for the MSA alloy compared with 50, 00 0 and 40, 000 psi for Udimet 700 
and Rene 41, respectively. 


Stress-Rupture Data 

The results of all stress- rupture tests are given in table III. The 
15, 000-psi rupture properties are shown in figure 4 for a temperature range from 
1800° to 2100° F. A least- square line was drawn through the data. The plot in- 
dicates that 1000-, 100-, and 10-hour rupture lives can he obtained at 1817°, 
1915°, and 2015° F, respectively.' It should be noted that all the data shown 
were obtained with as-cast samples. Additional increases in rupture life may 
possibly be obtained by suitable heat treatments. Further investigation to de- 
termine a beneficial heat treatment for a specified test condition would appear 
warranted for those interested in pursuing the development of these alloys, par- 
ticularly in view of the favorable results obtained with certain heat treatments 
employed with the strongest titanium and carbon modification of the basic alloy 
(ref. 1). 

Figure 5 indicates the maximum temperature for 100- hour life at 15,000 psi 
with alloy Mo-4-W + 8Ta + 2.5V + 0. 125C and the same representative nickel-base 
alloys considered in the earlier tensile- strength comparison. Commercial alloy 
data were obtained from references 12 and 13. A 1915° F use temperature is in- 
dicated for alloy Mo-4-W + 8Ta + 2.5V + 0. 125C in the as-cast condition as com- 
pared with 1900° for an earlier MSA alloy Mo-4-W + 2. 5V + 0.125C and for IN 100. 
Maximum use temperatures for the other alloys under these stress conditions range 
from approximately 1880° F for TRW 1800 and Nicrotung to 1740° F for Rene 41. 

The limited number of specimens available prevented obtaining data in the wrought 
condition with the tantalum-modified MSA alloy. 

Maximum use temperature for long-time service under high- stress load is ex- 
tremely important in many applications. This is particularly true in certain 
aerospace applications such as structural members of reentry vehicles and turbine 
buckets in turbine aircraft engines. In such applications, each permissible in- 
crease in operating temperature can be reflected in increased vehicle perform- 
ance. The MSA alloy, with its high use temperature of approximately 1915° F for 
100-hour life at 15, 000 psi stress, affords a particularly interesting potential 
for such applications. 

Figure 5 is based on rather limited data for the NASA alloys, as compared 
with what may be a large amount of data for the commercial alloys. Also, the 
NASA alloys were cast in small experimental heats; if they are to be used in pro- 
duction, a casting procedure suitable for production practice should be evolved. 
There is some indication that satisfactory production melting practices can be 
evolved since, as previously indicated, larger heats of the alloy have been cast 
satisfactorily in commercial practice. 


Impact Resistance 

Unnotched, room-temperature, impact-resistance data are summarized in ta- 


7 



tile IV. The 8-percent- tantalum-modified alloy in the as- cast condition is com- 
pared with an earlier NASA alloy in this series as well as with Nicrotung and 
Rene 41 (annealed condition). In the Izod tests, impact resistances above 
62.5 inch-pounds were obtained with all the alloys tested. None of the specimens 
was broken; all had an impact resistance above the tester capacity. In the 
Charpy tests with alloy Mo-4-W + 8Ta + 2.5V + 0. 125C, an average impact resist- 
ance of 33 foot-pounds was obtained. This value compares quite favorably with 
that obtained for the cast alloy Nicrotung and is considerably lower than the im- 
pact resistance of Rene 41. Rene 41 could not be broken in the Charpy tester, 
and its excellent impact resistance might be expected from a completely wrought 
product in the a nn ealed condition. 

Although it is impossible to make a broad generalization regarding the ade- 
quacy of the 8-percent-tantalum-modified NASA alloy for various aerospace appli- 
cations, the results of these impact tests indicate that its impact resistance is 
probably adequate for applications where impact resistance is a critical factor, 
such as turbine-bucket applications. Earlier Lewis investigations with turbine 
buckets of various superalloys (refs. 14 and 15) indicated that satisfactory en- 
gine operation was possible with buckets made of alloys having a much lower im- 
pact resistance than the 8-percent-tantalum-modified alloy. In reference 14 it 
is shown that Guy alloy buckets demonstrated satisfactory impact resistance in 
engine tests, and, In reference 15, S-816 + B showed similar results. The aver- 
age Izod impact resistances of both these alloys at room temperature (as deter- 
mined in the manner described herein) were only 11.6 and 6.6 inch-pounds for Guy 
alloy and S-816 + B, respectively (ref. 15). Of course, in order to evaluate 
this or any other alloy fully with respect to impact resistance for specific 
long-time, high-temperature applications,' impact tests should also be made after 
long-time exposure to high temperature. In this way the embrittling effect (if 
any) of phases that may be precipitated during aging can be determined. 


Hardness 

Hardness data are summarized In table V. Rockwell C hardness values were 
converted to the nearest whole number from the experimentally obtained Rockwell A 
values by using a standard conversion table. Listed hardness values represent 
the average of approximately five readings for each alloy specimen. A consider- 
ably higher as-cast hardness (Rockwell C, 41) was obtained with the 8-percent- 
tantalum-modified alloy than with alloy Mo-4-W + 2.5V + 0. 125C. An average Rock- 
well C hardness of 35 was obtained with this alloy. A hardness increase might 
be expected because of the higher strengths obtained with the tantalum-modified 
alloy. After l/2-inch rounds of the tantalum-modified alloy were so forged as to 
achieve 50-percent-thickness reductions, average hardness was increased to C-46. 


Workability 

Additional evidence of workability was obtained with the 8-percent-tantalum- 
modified alloy by means of unidirectional forging techniques. In initial at- 
tempts at forging this alloy (ref. 4), techniques similar to those described 
herein were utilized, and the maximum thickness reduction obtained with as-cast 
rounds was 29 percent. In the present investigation, l/2-inch as-cast rounds 
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were . consistently, flattened to achieve thickness reductions of 50 percent without 
significant cracking. Figure 6 illustrates a typical har before and after forg- 
ing. The microconstituents were elongated by the forging process. This is evi- 
dent from microphotographs that are presented in the Met allograph! c Studies sec- 
tion of this report. Added strength was imparted to the alloy by forging, as 
indicated by the substantial increase in room-temperature tensile strength. Al- 
though the elevated temperature tensile strengths of the as-forged alloy were 
lower than those of the as-cast alloy, choice of working temperature and/or sub- 
sequent heat treatments could conceivably reduce this difference. 

.Others have investigated the workability of this alloy (refs. 7 to 10) by 
utilizing rolling techniques. Substantial reductions in cast sheet t hi c kn ess 
were obtained by rolling. Reference 9 indicates that cast sheets 0. 100 inch 
thick have been rolled. to thicknesses of 0. 015 inch. It would appear from the 
results described herein, as well as those obtained by others, t hat this alloy 
has considerable workability potential. As a consequence, its potential useful- 
ness for aerospace applications that require formed shapes is considerably en- 
hanced. 


Oxidation Resistance 


The results of oxidation tests at 1900® F with alloy Mo-4-W + 8Ta + 2. 5V + 

O. 125C are shown in figure 7. Total weight gain per unit surface area is plotted 
as a function of time. Data for Nichrome, obtained from reference 16, are in- 
cluded to provide a reference basis. Shown also for comparison are data that 
were obtained simultaneously with two representative high-temperature commercial 
nickel-base alloys, Nicrotung and Rene 41. The latter alloy is generally used 

at temperatures lower than 1900® F. This is a desirable use temperature for Ni- 
crotung and the NASA alloy, however, because of their high strength at 1900° F. 
Oxidation specimens of the commercial alloys were obtained from material supplied 
by vendors. As shown in figure 7, the MSA alloy compares rather closely in oxi- 
dation rate with that of Nicrotung and Rene 41 up to 50 hours of exposure. After 

P, a, weight gain of 2. 9 milligrams per square centimeter was obtained with 
... e 1 A all °y as , compared with 2.7 and 2.4 milligrams per square centimeter for 
Nicrotung and Rene 41, respectively. As exposure time was increased beyond 

50 hours, the difference in weight gain became more marked. After 200 hours 

6 ' 5 * 12 * 6, and 3 * 5 milligrams per square centimeter were obtained 
with the MSA alloy, Nicrotung, and Rene 41, respectively. It should be noted 
that the Nicrotung oxidation specimens exhibited some porosity, which was not 
present in the other alloys. This may have adversely influenced the results ob- 
tained with Nicrotung because of the potentially greater surface area exposed. 


It is interesting to note that, although the NASA alloy contains a rela- 
. P er ® e nt.of chromium as compared with other nickel-base alloys (ta- 
ble I), its oxidation rate based on weight-gain tests was not particularly ex- 
cessive. It was assumed in the design of this alloy that the relatively high 
percent of aluminum used in conjunction with the chromium present would contrib- 
ute substantially toward providing adequate oxidation resistance as well as su- 
perior strength. The effectiveness of aluminum in achieving improved oxidation 
resistance with iron-base alloys is shown in the literature (ref. 17). Also, 
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although the NASA alloy contains alloying constituents, such as vanadium, that 
oxidize catastrophically at temperatures near 2000° F, the oxidation rate for 
this alloy was far from catastrophic. In fact, its relatively low oxidation. rate 
up to 50 hours is significant when considered in the light of aerospace applica- 
tions involving short exposure times. For such uses as surface panels or struc- 
tural members of missiles or reentry vehicles in which high-temperature atmo- 
spheric exposure is of short duration, the oxidation resistance of this alloy, 
"based upon these data, would appear to he adequate. Additional investigations 
are required to determine the effect of possible volatile oxides and the adequacy 
of the alloy in applications where temperature cycling occurs. These studies are 
indicated since spalling of the oxide scale occurred in the 800° to 600° F range 
upon cooling from the oxidation test temperature. In a turbojet engine, turbine- 
inlet temperature is varied frequently during the course of engine operation. 

The degree of deterioration that turbine buckets of this alloy might experience 
as a result of spalling under cyclic operation cannot be conclusively determined, 
however, without conducting cyclic temperature oxidation tests or actual engine 
tests. 


Metallographic Studies 


Macrophotographs of alloy Mo-4— W + 8Ta + 2.5V + 0. 125C in the as-cast and 
the as- forged (50 percent reduced) conditions are shown in figure 8. The den- 
dritic structure in a typical as-cast bar is evident in figure 8(a). The extent 
to which this structure has been affected by forging is shown in figure 8(b). . 
Deformation of the dendritic pattern was achieved although its presence is still 
readily apparent. Grain boundaries are also evident in the as-cast and as-forged 
samples. 

Photomicrographs of the alloy at X250 and X750 in the as- cast and as-forged 
conditions are shown in figure 9. The as-cast alloy contains minor constituents 
randomly dispersed throughout the matrix that are probably of the gamma prime in- 
termetallic compound type. Electron micrograph studies indicate that the larger 
massive particles (white phase) were also of this type. What may be a eutectic 
formation occurs adjacent to some of these large white phases. A few carbides 
are scattered throughout the matrix. These were evidenced by luster and by mi- 
crohardness indentations. Electron-diffraction and electron— probe studies have 
indicated the presence of tantalum carbides, as well as the gamma-prime -type in- 
termetallic compound phase, which, in this alloy, consists primarily of nickel, 
aluminum, and tantalum. Figure 9(b) shows the changes in microstructure brought 
about by forging. The microconstituents have evidently been elongated by the 
working process. The large white phase particles appear to have agglomerated and 
become realined. There is some evidence of cracking of the brittle carbides. 

The microstructures of alloy Mo-4-W + 8Ta + 2,5V + 0.125C, Nicrotung, and 
Rene 41, after a 200-hour oxidation test at 1900° F, are shown in figure 10. 

Each alloy displays an external oxide scale, a depletion zone, and a relatively 
unaffected zone. The oxidized samples of the NASA alloy and Nicrotung are quite 
similar. The NASA alloy and Nicrotung (figs. 10(a) and (c)) do. not display as 
continuous and tightly adherent an external scale as Rene 41 (fig. 10(b)). .In 
the NASA alloy this is probably due to the spalling, which was observed during 
cooling of the oxidation specimens from the test temperature through the 800 to 
600° F temperature range. The depletion zones, adjacent to the exposed surface 
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of the NASA alloy and Nicrotung, are somewhat narrower than that of Rene 41. For 
applications in which thin sections are required, depletion of alloying constit- 
uents from a material in the region adjacent to the ejqposed surface can he detri- 
mental insofar as structural integrity of the part is concerned. The relatively 
narrow depletion zone oh served in the NASA alloy after 200 hours exposure at 
1900° F indicates that depletion of alloying constituents may not he a severe 
problem with thin sections of this alloy operated up to a 1900° F temperature. 

In a relatively thick section, such as the l/4- inch-diameter test section of the 
stress- rupture specimens used in this investigation, structural integrity would 
prohahly not he markedly affected hy such depletion. The excellent elevated- 
temperature stress- rupture properties obtained with this alloy would tend to hear 
out such an assumption. 


CONCLUDING REMARKS 

On the basis of the evaluations described, the 8-percent-tantalum-modified 
alloy appears to have considerable potential for various aerospace applications, 
particularly where good impact resistance, high-temperature strength, at least 
limited workability, and oxidation resistance upon short-time exposure to a rea- 
sonably constant, high-temperature environment are required. 


SUMMARY OF RESULTS 

The following results were obtained from the continued study of an advanced 
temperature NASA nickel-base alloy having the following nominal composition in 
weight percents: 8 tantalum, 6 chromium, 6 aluminum, 4 molybdenum, 4 tungsten, 

2.5 vanadium, 1 zirconium, 0.125 carbon, and balance nickel. 

1. Ultimate tensile strengths of the as-forged alloy, ranging from 158, 000 
psi at room temperature to 18, 000 psi at 2100° F, were obtained. These compared 
to ultimate strength values ranging from 135, 000 to 34, 000 psi at room tempera- 
ture and 2100° F, respectively, for the as-cast condition. 

2. Stress-rupture data for the as-cast alloy indicated that average rupture 

lives of 1000, 100, and 10 hours can be obtained at 1817°, 1915°, and 2015° F 
respectively, under a stress of 15,000 psi. ’ 

3. Impact tests provided evidence that this alloy has a considerable degree 
of ductility. In Izod impact tests with as-cast, unnotched specimens, impact 
resistances greater than the tester capacity, 62.5 inch-pounds, were obtained. 

In Charpy impact tests at room temperature, an average impact resistance of 

33 foot-pounds was obtained with standard unnotched specimens. This was consid- 
erably higher than that of Nicrotung, a typical, strong, as-cast nickel-base al- 
loy, but much less than that of Rene 41, a completely wrought nickel-base alloy. 

4. Additional evidence of workability was obtained with this alloy. Unidi- 
rectional forging techniques at room temperature were used to obtain consistent 
thickness reductions of 50 percent with l/2-inch-diameter as-cast bars. 

5. In oxidation tests at 1900° F, relatively low oxidation rates were ob- 
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tained, although spalling of the oxide scale was oh served upon cooling through 
the 800° to 600° F range. The weight gain per unit surface area was 2.9 and 
6.5 milligrams per square centimeter for the NASA alloy after 50 and 200 hours, 
respectively. These are not excessive oxidation rates, particularly for short- 
time applications; however, spalling may pose a problem in applications where 
frequent temperature cycling occurs. 


Lewis Research Center 

Rational Aeronautics and Space Administration 
Cleveland, Ohio, January 11, 1963 
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(Id) Composition of typical heats of Mo-4-W + 8Ta + 2.5 V+ 0.125C 
as determined "by chemical analysis 
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Condition 


As cast 


As forged 


Temper- 

ature, 

Op 

Ultimate 

tensile 

strength, 

psi 

Elonga- 

tion, 

percent 

Room 

133, 700 

1.2 


126, 400 

9.5 


143, 500 

4.8 

1800 


7.2 



4.8 

1900 

54, 100 

11.9 


54, 400 

7.2 


58, 500 

7.6 

2000 

50, 900 

7.2 


47, 500 

7.2 

2100 

29, 700 

26.8 


39, 000 

6.9 

Room 

173, 400 

3.0 


165, 000 

3.0 


136, 600 

0 

1800 

61, 000 

1.5 


56, 000 

2.0 

1900 

49, 100 

6.0 


48, 700 

6.0 

2000 

42, 400 

4.0 


37, 300 

3.0 

2100 

20, 600 

6.0 


15, 800 

10.0 


































TABLE III. - STRESS-RUPTURE DATA 


AT 15, 000 PSI 


Temper- 

ature, 

°F 

Life, 

hr 

Temper- 

ature, 

op 

Life, 

hr 

1800 

1493.8 

1950 

17.6 


637.5 


53.2 


1374.0 


26.2 


1338.4 


60 

1850 

540.5 

2000 

21.3 


274.2 


19.7 


861.5 


6.3 

1900 

237.5 

2100 

1.5 


229.5 


2.3 


123.0 


1.9 


137.3 




186.1 






TABLE IV. - ROOM TEMPERATURE IMPACT RESISTANCE DATA OF UNNOTCHED SPECIMENS 

Alloy 

Izod Impact resistance, in. -lb 

Charpy impact resistance, 



ft-lb 

Mo-4-W + 2. 5V + 0. 125C 

>62.5, >62.5 

40.0, 77.0, 44.5; av. 53.8 

Mo-4-W + 8Ta + 2.5V + 0.125C 

>62.5, >62.5, >62.5, >62.5, >62.5, >62.5 

29. 5, 35. 5, 35. 0; av. 33. 3 

Nicrotung 

>62.5, >62,5 

11. 0, 8. 0, 10. 0; av. 9. 7 

a Rene 41 


>220, >220; av. >220 

^Annealed. 


TABLE V. - HARDNESS DATA 


Alloy 

Condition 

Average 

Rockwell 

hardness 8- 

A 

C 

Mo-4-W + 2.5V + 0.125C 

As cast 

67.9 

35 

Mo-4-W + 8Ta + 2.5V + 0.125C 

As cast 

71.0 

41 

Mo-4-W + 8Ta + 2.5V + 0.125C 

As forged 

73.7 

46 


^Rockwell A results are an average of at least 
three tests. Rockwell C values are converted 
from Rockwell A values. 
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lOOxlO 3 



(b) 1800° F. 

Figure 3. ~ Comparison of ultimate tensile strengths of superalloys at room temperature and 1800° F. 
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Figure 4. - As-cast stress -rupture life of alloy Mo-4-W + 8Ta + 2.5V + 0.125C at stress of 
15,000 psi. 
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Figure 6. - Typical alloy Mo-4-W + 8Ta + 2.5V + 
before and after forging at room temperature, 
reduction in diameter shown is 50 percent . 
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(a) As-cast. 



| 1 inch | 


C-63158 


(b) As-forged (50 percent) 
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Figure 8. - Macrostructure of alloy Mo-4-W + 8Ta + 2.5V 
+ 0.125C in the as-cast and as-forged conditions. X3 



X250 



(a) As-cast. 


Figure 9. - As-cast and as-forged microstructures of 
alloy Mo-4-W + 8Ta + 2.5V + 0.125C. 
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X250 



| 1 inch | X750 C-63156 


(b) As -forged. 


Figure 9. - Concluded. As-cast 
tures of alloy Mo-4-W + 8Ta + 


and as -forged microstruc- 
2.5V + 0 .1250 . 
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(a) Mo-4-W + 8Ta + 2.5V + 0.125C alloy. | 1 inch | 


(b) Rene 41. C-63159 


Figure 10. - Microstructure of oxidation test specimens in vicinity of exposed surface 
after 200-hour exposure at 1900° F. X750. 
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(c) Nicrotung. 
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Figure 10. - Concluded. Microstructure of oxida- 
tion test specimens in vicinity of exposed sur- 
face after 200-hour exposure at 1900° F. X750 
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